T he most common sites of herpes simplex virus (HSV) infection are around the oral cavity and the genitalia. However, HSV can infect any skin or mucous membrane surface, in addition to the eyes, central nervous system and viscera. HSV skin infections are preceded by a break in the integrity of the skin, as occurs in the well documented cases of herpetic whitlow and herpes gladiatorum. Transmission through intact skin probably does not occur (1-3). One uncommon site of HSV infection of the skin is the breast. Reports of herpetic breast infections are predominately cases of transmission from a systemically HSV-infected neonate to the mother during breastfeeding. A comprehensive review of the English literature identified only six reports suggesting HSV breast lesions acquired by means other than through an infected infant. Three The most common sites of herpes simplex virus (HSV) infection are around the oral cavity and the genitalia. However, HSV can infect any skin or mucous membrane surface. One uncommon site of HSV infection is the breast. Reports of herpetic breast infections are predominantly cases of transmission from a systemically HSVinfected neonate to the mother during breast-feeding. A review of the literature identified only six reports suggesting HSV breast lesions acquired by means other than through an infected infant. Of these, only one report suggests HSV transmission to the breast from a male sexual partner. A second case of clinically unsuspected symptomatic herpes mastitis presumably acquired from sexual contact in a 46-year-old woman is presented. Herpes simplex type 1 was isolated by using polymerase chain reaction and restriction fragment length polymerization techniques. The purpose of this report is to alert physicians to HSV mastitis.
of these reports do not specify how the breast became infected with HSV, but the virus was either culture-proven or infected a previously healthy infant during breast-feeding (4) (5) (6) . In one case, the virus was culture-proven and was presumably acquired by autoinoculation from an oral lesion (5) . Only one report suggests transmission of HSV to the breast from a male sexual partner with recurrent oral HSV lesions (7) . We present a second case of symptomatic herpetic mastitis acquired possibly from sexual contact in a 46-year-old woman.
CASE PRESENTATION
A 46-year-old female presented to Calgary's Foothills Hospital Emergency Department with pain, erythema and swelling in her left breast. Four days earlier, she had experienced pruritus and noticed a small nonspecific white lesion on the medial aspect of her left areola. She attempted to clean the area with a cotton swab, but progressive erythema and pain developed in this region over the next two days. She saw her family physician, who prescribed oral ciprofloxacin 500 mg bid and topical bacitracin. She failed to improve over the next 48 h and presented to the emergency department, at which time she was seen by the infectious diseases service.
Further history revealed the patient to be in otherwise good health. She denied a history of recent breast trauma or previous breast lesions. She had not breast-fed any of her three children. She had had a normal routine mammogram and pelvic examination the year before. She was admitted to hospital 13 years previously for depression resulting from physical and sexual abuse by her former husband.
Emergency room examination revealed a 10 cm area of indurated erythema with a central 2.5 cm eschar on the medical aspect of the left breast that extended to the medial margin of the areola, but spared the nipple. There was no discharge, vesicles, fluctuance, fever or axillary adenopathy. Although the patient denied it, the appearance of the lesion strongly created suspicion that it had been inflicted by a bite. Bacterial mastitis was diagnosed, and she was treated with cefazolin 2 g intravenously every 8 h and metronidazole 500 mg intravenously every 8 h as an out-patient (two doses received).
She returned to the emergency room the following day feeling unwell and unable to cope, although clinically the breast had reduced erythema and swelling. She was admitted to hospital and a surgeon was consulted because of a suspected breast abscess. An incision and drainage were carried out the following day under general anesthetic. During surgery no abscess was discovered, but bacterial cultures and a breast tissue biopsy were obtained for histopathological examination.
LABORATORY INVESTIGATIONS
Complete blood count was normal and bacterial cultures were negative. However, the breast biopsy was diagnostic. By light microscopy, the epidermis was focally ulcerated and necrotic with adjacent ballooning and reticular degeneration of the epidermis forming vesicles. The epidermal-dermal interface was diffusely infiltrated by a mixed inflammatory cell infiltrate ( Figure 1 ). Intermixed with the inflammation were mononuclear and multinucleated giant cell keratinocytes with Cowdry type A and B intranuclear inclusions; these inclusions are specific to herpes varicella/zoster and simplex virus infection (8,9) ( Figure 2 ). A diagnosis of herpes mastitis was made and subsequently confirmed by immunohistochemistry.
Because viral cultures were not obtained during the patient's admission, breast tissue obtained from the paraffinembedded tissue was examined for HSV DNA by polymerase chain reaction (PCR) and restriction fragment length polymerization using methodology similar to that published previously (10, 11) .
Sections of 200 mm thick tissue were deparaffinized in xylene and absolute alcohol. Following deparaffinization, sections were incubated overnight in 10 mL of lysis buffer (50 mM Tris-HCl, pH 8.0; 20 mM sodium EDTA, pH 8.0; and 1% sodium dodecyl sulphate) and 100 mg/mL of proteinase K. Following protein digestion, DNA was extracted using a phenol-chloroform method and precipitated with sodium chloride-isopropanol by conventional methods. 
Multinucleated giant cells and keratinocytes with intranuclear inclusions (arrows) diagnostic of herpes infection are present in an inflammatory background
Type specific primers to known sequences of HSV DNA (HSV 1 primer sequence: GenBank ACCESSION X14112 D00317; HSV 2 primer sequence: GenBank ACCESSION M16321) were obtained for PCR amplification. HSV primer 1 and primer 2 sequences consisting of (5¢-GTACGGCCCCGAGT-TCGTGA-3¢) and (5¢-TAGATGGTGCGGGTGATGTT-3¢), respectively, were produced and each primer yielded a 474 base pair product. (Beta-globin and HSV type specific primer sequences were produced in the DNA Synthesis Lab, University of Calgary).
Beta-globin control and target HSV sequences were amplified in two separate cycles in a 50 mL reaction mixture containing 0.05 mg of purified DNA sample, 10 mM of Tris-HCl (pH 8.3, 25°C), 50 mM magnesium chloride, 80 mM each of deoxynucleoside triphosphates, 100 ng of salmon sperm DNA, 1.25 units of Taq DNA polymerase (Perkin-Elmer Cetus, Connecticut), and 0.1 to 0.4 mM (5 to 20 pmol) of each primer sequence. The mixture was denatured initially for 5 mins at 95°C, followed by 35 cycles of amplification using a TR-96 thermal reactor (Tyler Research Instruments Company). Each cycle consisted of denaturation at 95°C for 30 s, annealing at 56°C for 2 mins and extension at 72°C for 1 min, with a final extension at 72°C for 6 mins.
Following the last cycle of amplification, 8 mL of product was analyzed by Southern blot. By using the specific alkaline phosphatase-conjugated oligonucleotide (HSV PR-307 [5¢-CGA CATCCCCGCCTACTACGCCGCCG-3¢]) detection probe, the product was run by agarose gel electrophoresis and stained with ethidium bromide. A 474 base pair amplification product was obtained and confirmed the presence of HSV in the breast biopsy (Figure 3 ). Viral typing was carried out by restriction enzyme analysis of the PCR products. The enzyme Mbo I (Gibco BRL) was used to digest the PCR products, and two DNA fragments of 228 and 123 base pairs were identified by gel electrophoresis, which is diagnostic of HSV type 1 (Figure 4 ).
POSTOPERATIVE COURSE
The patient was discharged from hospital three days after surgery. Because the diagnosis was not suspected at the time of presentation, viral cultures and serology were not obtained
Figure 3) Polymerase chain reaction (PCR) products of herpes simplex virus (HSV) types 1 and 2 gene after gel electrophoresis and ethidium bromide staining. HSV PCR amplification using HSV types 1 and 2 specific primers yielded a 474 base pair product in both the test sample lanes and the control lanes. Lane 1 is a molecular weight control, lane 2 the negative control (75 ng of salmon sperm genomic DNA), lanes 3 and 4 control HSV types 1 and 2, respectively, and lanes 5 and 6 the patient's biopsy sample. This pattern confirms the presence of HSV infection in the breast biopsy

Figure 4) Restriction enzyme analysis following digestion of polymerase chain reaction products using Mbo 1. Lane 1 is the molecular weight control. Lane 2 shows the presence of two base pair products of respective sizes 228 and 123 (arrows). This pattern is characteristic of herpes simplex virus type 1
and acyclovir was not offered. Instead, antibacterial agents were continued for the incorrect diagnosis of bacterial mastitis and the mastitis resolved spontaneously over two weeks.
The patient was subsequently seen for follow-up six months later and there was no recurrence or new lesions. Additional history was obtained and she denied ever having had oral or genital HSV lesions. She was sexually active with a single partner for five years; he had no noticeable oral or genital HSV lesions. However, her former husband, who had been physically abusive, had had oral HSV lesions.
DISCUSSION
Infection of the breast by HSV is uncommon. Only 2% of all extragenital herpetic lesions have involved the breast (12) . Furthermore, development of breast lesions as the first and sole manifestation of clinically apparent HSV infection without oral or genital herpes is uncommon (13) . However, oral and genital HSV infections can be asymptomatic. There is little information in the literature regarding transmission of HSV to the breast except in cases associated with neonatal breast-feeding, and because further inquiry failed to reveal the source of the herpes virus in this patient we are left to speculate as to the means of transmission.
It seems reasonable to consider three possible means of transmission in this case. One possibility is that the virus was transmitted to the breast through autoinoculation from an asymptomatic oral or genital lesion. Autoinoculation to other body sites such as face, fingers, eyes and genitalia without clinical manifestations of a primary lesion have been reported (12, 13) , but there is only one case in the literature of presumed autoinoculation from known oral HSV lesion to the breast (6) . Second, the patient may have acquired a subclinical infection of the breast 13 years previously from her first husband, who was known to suffer from cold sores, and the recent breast lesion was a reactivation after a long latency. Primary infection with HSV type 1 may be subclinical (2, 3, 8, 13) ; however, primary dermal lesions are more frequently symptomatic (2, 13) and generally associated with more severe symptoms (constitutional symptoms, local adenopathy and more extensive skin lesions) than with recurrences (12) . Unfortunately, because the diagnosis of herpes mastitis was not suspected, serology was not obtained from the patient at the time of admission to hospital to help distinguish this as a primary or recurrent infection. Third, this lesion may have been a primary infection of the breast from recent sexual contact with an asymptomatic HSV carrier. Infected asymptomatic individuals can carry the virus in saliva and transmit the virus through close personal contact (2, 13, 14) . This mode of transmission is well documented in cases of medical and dental personnel becoming infected with HSV after contact with the oral cavity of an asymptomatic carrier.
In the present case, the latter means of transmission is considered most likely. Recent sexual transmission from a partner with oral HSV infection is considered most likely because the lesion clinically looked like a bite, the patient had no personal history of previous HSV infection, and she had constitutional symptoms and an extensive lesion more frequently associated with primary infection than with recurrence.
Regardless of the exact mechanism by which our patient acquired the infection, the purpose of this report is to review the various modes of HSV transmission to the breast and to consider the clinical significance of establishing the correct diagnosis.
First, HSV infection should be considered in any case of ulcerating mastitis unresponsive to antibiotics. Second, it is important to distinguish between herpes mastitis and a bacterial abscess because herpetic lesions heal spontaneously in seven to 10 days without scarring, while an abscess requires surgical drainage with residual scarring. Third, there have been two cases misdiagnosed as varicella-zoster mastitis, which were later proven by culture to be HSV infections (4) . This distinction is important in counselling the patient, because zoster lesions may become confluent and hemorrhagic, heal slowly with scarring, and can be associated with residual neuralgia (9) .
Finally, the differential diagnosis of all maternal breast lesions should include HSV because of the potential for transmission to an otherwise healthy neonate and the potentially disastrous implications of disseminated herpes infection in the neonate. Two of the six cases of HSV breast infections reported in the literature were acquired by nonspecified means and resulted in previously healthy infants becoming fatally infected after breast feeding (6, 7) .
